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(54) EL ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new EL element whose luminescence intensity is 
improved. 

SOLUTION: In an EL element which has a pair of electrodes at least either of which has 
translucency, a luminous layer including a luminous substance and an insulating layer, the 
insulating layer has a photonic crystal structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1]An EL element being that in which this insulating layer has a photonic crystal structure 
at least in one pair of electrodes in which either has translucency, a luminous layer containing a 
luminescent substance, and an EL element in which it has a transparent insulating layer to a 
luminous wavelength. 

[Claim 2]The EL element according to claim 1 which comes to form an insulating layer in both 
sides of a luminous layer, or one of fields. 

[Claim 3]The EL element according to claim 1 or 2 whose photonic crystal structure is what two 

kinds of layers from which a refractive index differs laminate to one dimension. 

[Claim 4]The EL element according to any one of claims 1 to 3 in which each thickness of two 

kinds of layers from which a refractive index differs is 1 / 5 - 1/3 of a luminous wavelength. 

[Claim 5]The EL element according to any one of claims 1 to 4 whose refractive index ratios of 

each substance which constitutes two kinds of layers from which a refractive index differs are 

1.01-10. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the EL element used for the EL display which 

has the feature of a thin shape, a flat surface, a long life, and high contrast. 

[0002] 

[Description of the Prior Art]In recent years, there is little power consumption at a light weight 
and a thin shape, and the EL element attracts attention as a surface-emitting type element 
excellent in the flexibility of shape. If an EL element divides roughly, it will perform current 
injection from the electrode by a direct-current-voltage seal of approval, and there are an 
electron, an organic electroluminescence type made to emit light by the recombination of a hole, 
and an inorganic EL type which accelerate a peculiar carrier by a volts alternating current seal of 
approval, carries out collision excitation of the electron of photogene, and makes it emit light. 
The luminous layer to which the structure of a latter alternating current drive type inorganic EL 
element contains a luminescent substance in inter-electrode [ which has translucency / one pair 
of], It is classified into the both sides of this luminous layer, a certain thin film type EL element 
type which are, crawls and has a transparent insulating layer to a luminous wavelength in a gap 
or one side, and the distributed type EL element type which distributed fluorescent substances, 
such as the micro crystallite ZnS, in the organic matter medium of high permittivity. The 
insulating layer used for the conventional thin film type EL element consists of a monolayer 
which has high permittivity. 
[0003] 

[Problem(s) to be Solved by the Invention]A limit is among luminescence intensity of the 
conventional general EL element which was mentioned above, and the further improvement is 
desired. The purpose of this invention is to provide the EL element which enables the increase in 
the further luminescence intensity by improving the structure of the conventional EL element. 
[0004] 

[Means for Solving the Problem]As a result of inquiring wholeheartedly in view of the above- 
mentioned actual condition, this invention persons as an insulating layer of an EL element, Two 
sorts of layers from which a refractive index differs laminate by turns, and what has a photonic 
crystal structure which forms a photonic band gap from giving periodic refractive index 
distribution is used, By [ which double a luminous wavelength with defective level in a band gap ] 
designing for it to be alike, knowledge was carried out to it becoming possible to make 
luminescence intensity of an EL element increase, and this invention was completed so that a 
luminous wavelength from a luminous layer might lap with a band end of a photonic band gap. 
[0005]That is, a gist of this invention consists in an EL element which has at least one pair of 
electrodes in which either has translucency, a luminous layer containing a luminescent 
substance, and an insulating layer, without an EL element being that in which this insulating layer 
has a photonic crystal structure. It is related with a new EL element which shall have that in 
which a field where refractive indicees differ has the primary three-dimensional periodic 
refractive index distribution [ secondary ] as an insulating layer in detail, i.e., a photonic crystal 
structure which forms a photonic band gap. 
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[0006] 

[Embodiment of the Invention]Hereafter, it explains per this invention and also to details. The EL 
element of this invention needs to use a photonic crystal as an insulating layer. Photonic 
crystals (Photoniccrystal) are a substance of the new concept which can control freely light and 
light with the periodical structure of the length about the wavelength of electromagnetic waves, 
and an element device, and various functionality is predicted. This photonic crystal has the 
periodical structure of the length about the wavelength of light, and the photonic band gap 
(photonic band gap) which does not have existence of the light of the wavelength range which is 
that inside in ******** appears. The origin of this photonic PANDO gap can be similarly 
explained to be the origin of a band gap where existence of the band gap to the electron in the 
inside of a solid crystal and a forbidden band, i.e., the electron of a specific energy range, is not 
allowed. That namely, the band gap to an electron appears when having arranged regularly the 
cycle which has an atom with a solid crystal, Since the wavelength at the time of regarding an 
electron as a wave is a size which is an atomic interval grade exactly, an electron receives Bragg 
reflection by the periodic potential in a crystal, and the state where energy does not exist is 
formed. When ****(ing) the inside of structure with periodic refractive-index (dielectric 
constant) distribution of length comparable as the wavelength of light so that similarly to it, the 
photonic band gap to which propagation of the light of a certain wavelength area is forbidden is 
formed. One dimension and which [ two-dimensional and three-dimensional ] case may be 
sufficient as this periodical structure. When a defect is introduced into the photonic crystal 
which has taken periodical structure with perfect it being interesting, a band end pulls the skirt in 
a photonic band gap, and defective level (localized level) appears in a band. A possibility of 
reinforcing the luminescent characteristic of photogene can be considered by using this 
defective level. By a band end, a possibility of the group velocity of light becoming very small, 
and as a result reinforcing the luminescent characteristic as the whole element can be 
considered. 

[0007]A mimetic diagram is used for below and the EL element of this invention is explained to it. 
Drawing 1 is a figure showing the structure of the EL element of this invention, in the figure — 
the both sides ( drawing 1 a) of a luminous layer — being certain — it is — yes, an insulating 
layer ( drawing 1 b, c) is provided in a gap or single-sided one side. This insulating layer is 
transparent to the wavelength of luminescence from a luminous layer, and two kinds of layers 
from which a refractive index differs are the examples which form the photonic crystal structure 
laminated to one dimension. 

[0008]It is necessary to design each thickness of two sorts of layers which constitute this 
insulating layer (a periodic insulating layer may be called) so that a luminous wavelength may lap 
with the band end of the photonic band gap (wavelength area which cannot penetrate light) 
formed of periodical structure. Or it is necessary to design double the luminous wavelength of a 
photogen with the defective level produced in a photonic band gap. near thickness — 1 /of the 
luminous wavelength lambda — it is usually 1 / 5 - 1/3 about four. As for the refractive index 
ratio of the substance which constitutes this periodic insulating layer, it is [ 1.01 or more ] 
preferred preferably that it is 1.01-10. 

[0009]That by which the phase from which surface state differs was laminated, the thing which 
the pillar-shaped phase distributed periodically in the matrix, the thing which the spherical phase 
distributed in the matrix, etc. may have all periodical structures, and the periodical structure of 
this periodic insulating layer may be which primary three-dimensional cycle [ secondary ], as 
shown in drawing 2 . As a substance which constitutes this periodic insulating layer, to the 
wavelength of the light which emits light, since it needs to be transparent, an optical band gap 
needs to be larger than the optical band gap of the photogen contained in a luminous layer. For 
example, Si0 2 , Ti0 2 , Ta 2 0 5 , BaTi0 3 , SiO, Ce0 2 , aluminum 2 0 3 , Zr0 2 , Si 3 N 4 , MgF 2 , ThF 4 , CaF 3 , 

etc. are mentioned. The thing which made the Polymer Division system substance distribute an 
inorganic system substance with a large dielectric constant may be used. In this Polymer 
Division system substance, if it is non-conducting Polymer Division, the kind in particular of 
Polymer Division is not limited, but. Polystyrene system Polymer Division, 
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polymethylmethacrylate system Polymer Division, polybutadiene system Polymer Division, 
polyvinyl pyridine system Polymer Division, polyisoprene system Polymer Division, polycarbonate 
system Polymer Division, polyphenylene oxide system Polymer Division, the copolymer containing 
them, etc. are illustrated. As this mineral matter, although a kind in particular is not limited, an 
oxide, a nitride, fluoride, etc. are illustrated. Specifically, Si0 2 , Ti0 2 , Ta 2 0 5 , BaTi0 3 , SiO, Ce0 2 , 

aluminum 2 0 3 , Zr0 2 , Si 3 N 4 , MgF 2 , ThF 4 , CaF 3 , etc. are mentioned. 

[0010]The thickness of this whole insulating layer is usually about 0.1-100 micrometers. In this 
invention, especially if it is a substance which has luminescence as a luminescent substance 
contained in a luminous layer, it is not limited, but mineral matter, coloring matter, and a 
conductive polymer are illustrated. These luminescent substances may be in the state 
distributed to other nonluminous mineral matter or Polymer Division etc. 

[0011]As luminescent mineral matter, for example Si, GaAs, GaN, CuCI, CuBr, CdSe, CdS, ZnSe, 
ZnS, InP, ZnO, ln 2 0 3 , Y. Although 2 0 3 , SrS, CaS, SrGa 2 S 4 , ZnGa 2 0 4 , etc. are mentioned, alloying 

elements other than the composing element of the above-mentioned substance may be 
contained. As coloring matter contained in a luminous layer, phthalocyanine system coloring 
matter, azo dye, a perylene pigment, etc. are mentioned, for example. 

[0012]As a conductive polymer contained in a luminous layer, for example Poly para-phenylene 
system Polymer Division, Poly para-phenylene vinylene system Polymer Division, polythiophene 
system Polymer Division, poly aniline system Polymer Division, polypyrrole system Polymer 
Division, polyvinyl-carbazole system Polymer Division, or the copolymer containing them is 
mentioned. The thickness of this luminous layer is usually about 0.01-100 micrometers. 
[0013]As a material of the electrode (solid state electrode board) of the side which serves as a 
substrate among one counter-electrodes which are the components of the EL element of this 
invention, and in which either has translucency, if it is a conductive thing, there will be no 
restriction in particular, but metal, a metallic oxide, Polymer Division, etc. are mentioned. 
Specifically, Si which gave conductivity by a dope, an indium tin oxide, Au, Ag, aluminum, poly 
aniline, etc. are mentioned. The metal which is the material of conductivity [ top / insulating / 
which consists of an inorganic system substance and a Polymer Division system substance / 
solid board ], A metallic oxide, an organic compound, etc. Vacuum deposition, a CVD method, a 
sputtering technique, electron beam vacuum deposition, The thing made to laminate by an ion- 
beam-deposition method, molecular beam epitaxy method, the applying method, the dip-coating 
method, the langue MYUABORO jet (LB) method, the self-accumulating (self-assembly) method, 
the spin coat method, the ink jet method, and a sol gel process may be used. However, to take 
out luminescence from the substrate side, it is necessary to be a material transparent as a 
substrate to this luminous wavelength. 

[0014]As an insulating solid board in this case, Si0 2 , MgO, aluminum, Mo, Ta, W, Ti, Cu, 

germanium, Nb, nickel, Si, GaAs, polyethylene terephthalate, and polycarbonate ** is mentioned, 
for example. It is chosen out of the thing same as the substrate which is a component of the EL 
element of this invention, and an electrode material which counters as the material described as 
an electrode material by the side of the above and a substrate. However, to take out 
luminescence from the substrate and electrode side which counters, it is necessary to be a 
transparent material to this luminous wavelength. 

[0015]The thickness of these electrodes is usually about 5-1000 nm, respectively. The insulating 
layer which is a component of the EL element of this invention, Vacuum deposition, a CVD 
method, a sputtering technique, electron beam vacuum deposition, an ion-beam-deposition 
method, It is produced by molecular beam epitaxy method, the applying method, the dip-coating 
method, the langue MYUABORO jet (LB) method, the self-accumulating (self-assembly) method, 
a spin coat method, the ink jet method, sol gel process, etc. on a solid board. 
[0016]The luminous layer which is a component of the EL element of this invention is produced 
by a CVD method, a sputtering technique, electron beam vacuum deposition, an ion-beam- 
deposition method, molecular beam epitaxy method, the applying method, the dip-coating 
method, the LB method, a spin coat method, the ink jet method, sol gel process, etc. As for the 
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EL element produced by such a method, the increase in luminescence intensity is expected 

compared with the EL element of a conventional type. 

[0017] 

[Example]Although working example is used for below and the concrete mode of this invention is 
explained to it in detail, this invention is not limited by these working example unless the gist is 
exceeded. 

An ITO board is used as example 1 substrate. You make it laminate Si0 2 and five layers Ti0 2 at 

a time by turns as a periodic insulating layer with vacuum deposition on an ITO board. The 
thickness may be 122 nm, respectively. The spin coat of the CdS particles is carried out on it, 
and a luminous layer is formed. The thickness of this luminous layer may be about 244 nm. You 
make it laminate Ti0 2 and five layers Si0 2 at a time by turns as a periodic insulating layer on it. 

Thickness shall be 122 nm, respectively. Moreover, about 100 nm of aluminum is made to vapor- 
deposit as a counterelectrode. In this case, the luminous wavelength of CdS used uses the 
particles which have a light emission peak for 450 nm, in order to double with a band end. 
[0018]An ITO board is used as example 2 substrate. You make it laminate Si0 2 and five layers 

Ti0 2 at a time by turns as a periodic insulating layer with vacuum deposition on an ITO board. 

The thickness may be 145 nm, respectively. The spin coat of the CdSe particles is carried out on 
it, and a luminous layer is formed. This thickness may be about 350 nm. You make it laminate 
Ti0 2 and five layers Si0 2 at a time by turns as a periodic insulating layer on it. Thickness shall 

be 145 nm, respectively. Moreover, about 100 nm of aluminum is made to vapor-deposit as a 
counterelectrode. In this case, the thing equivalent to the wavelength of the defective level 
(about 600 nm) produced in a band gap is used for the luminous wavelength of CdSe used. 
[0019] 

[Effect of the Invention]The EL element of this invention can make luminescence intensity 
increase by using for the insulating layer the material which has a photonic crystal structure. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a typical sectional view showing the structure of the EL element of this 
invention. 

[Drawing 2] It is a mimetic diagram showing the periodical structure of an insulating layer. 
[Description of Notations] 

1 Solid board 

2 Electrode 

3 Luminous layer 

4 Insulating layer 
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DRAWINGS 



[Drawing 1] 



(a) <b) (c) 




[Drawing 2] 
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